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I. INTRODUCTION TO NAVTA 


A. HISTCRY AND PURPOSE OF NAVTAG 


The Navy realized that it had a deficiency in tactical 
decision-making training. To combat this situation the Chief 
cit Naval Operations (CNO) issued a memorandum reguiring a 
Shipboard war game fcr tactical training 15 October 1980. 
The Naval Tactical Game (NAVTAG) Training System was origi- 
nally a board game désigned to simulate possible confronta- 
tions with various surface and sub-surrace vesSseis. The 
NAVTAG Manual Game was thought to be an ideal candidate for 
Shipboard war game tactical training. It was determined that 
due to cbserved shertcomings of the manual system which 
included a large quantity of documentation, umpire reguire- 
ments, ccmplexity, and slow speed of game play that automa- 
tion waS necessary. From this original reguirement, the 
first delivery of autcmated, production NAVTAG units began 
CELober 1983. 

NAVTAG was developed to reinforce the tactical knowledge 
already learned by naval officers and is not intended to be 
used aS a tactical decision making aid ora TAO (Tactical 
Action Officer) trainer [Ref. 1: 1}. NAVTAG, to remain 
capable of emulating any possible engagement that might be 
encountered, must have the ability to allow new platforms 
entrance into the system. It is the intent of the Deputy 
Chief of Naval Operations to addto the master data base 
models only when systems are employed in at least 50 percent 


of a ship class. 


Be. OEJECTIVE IN CHANGING NAYTAG 


The objective of this thesis is broken down into tiree 
distinct phases. The first phase deals with the study of the 
Standard NAVTAG System defined as an unmodifiable systen. 
This system is currently issued to fleet units to prevent 
the NAVTAG Program from becoming fragmented. Once the 
Standard NAVTAG System is fully understood, the fFull-Up 
NAVTAG System in the custody of the Naval Postgraduate 
School (NPS) will be studied and this begins phase two. In 
phase two the Full-Up NAVTAG System which allows modifica- 
tions to be made to its data base will be utilized te incor- 
porate the SH-60B helicopter. Phase 3, the final part of 
the stated objective, will be causing the Si-60B to be 
played in an original Anti-Submarine Warfare (ASW) scenario 
to allcw comparison cf its capabilities to its predecessor 
the SH-2F helicopter. NAVTAG‘'s strengths and weaknesses will 
also ke exploited and identified as the result of this phase 
of study. The results of this comparison will be made avail- 
able to the Naval Training Equipment Center (NTEC) for study 
and analysis. 

The SH-60B (SEAHAWK) Helicopter is expectei to rapidly 
approach the 50 percent mark specified by the Deputy Chief 
of Naval Operations as a requirement for incorporation into 
NAVTAG. This thesis will lay the foundation for this incor- 
poration. This direction of study is in no way intended asa 
means to circumvent the normal procedures for changing the 
standard NAVTAG Systems. 


C. GENERAL OUTLINE 


Chapter One contains the purpose, objective, general 
outline and goal of this thesis. 
Chapter Two explains that the Standard NAVTAG System is 


an unalterable system to meet standardization reguirements 
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for equipment in use by fleet units. However to meet the 
requirement for additional platforms, rules, probabilities, 
and newer avionics and weapon systems, the Full-Up NAVTAG 
System such as the one possessed by the NPS can be utilized 
to modify the Navtag System to include theme sl—o0 & 
heliccpter. 

Chapter Three gives a brief introduction into the 
Standard NAVTAG System ard goes onto describe its comfo- 
nents and features fcr general game play. NAVTAG‘'S user 
friendly features and the manuals that accompany this systen 
are also discussed. 

Chapter Four's emphasis is on scenario creation and use. 
The nine preprogrammed scenarios andthe option for user 
created scenarios are discussed. This chapter defines the 
meaning of ‘scenario,’ and explains how a scenario can be 
saved for future use. It also discusses limitations and 
rules that govern game play. 

Chapter Five discusses the SH-60B specifically. Here the 
operating limitations, various performance characteristics, 
ordnance, and avionics gear that are found on the SH-608 are 
identified. Various parameters that affect how the aircraft 
and it's associated equipment should act once modeled in 
NAVTAG are also presented. 

Chapter Six addresses the database design ani the actual 
integration of the SH-60B into this database. Here the 
procedures for listing the SH-60B as the 41st aircraft in 
the Flatform Selection Air Menu and associated sib-menus are 
explained. Here, the SH-60B is tested as a fully opera- 
tional ccmponent of NAVTAG and related problems and possible 
areas for improvement are discussed. 

Chapter Seven explains how the SH-60B and the SH-2F 
compare in the same scenario against a Soviet submarine. 
This chapter points out the differences in equirfment, 
tactics, and applicarkle strengths and weaknesses pertaining 
to each helicopter. 
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Chapter Eight addresses the possibility of adding other 
aircraft and/or Ship platforms ito NAVTAG Bio neee acd co 
practicality and ease of implementation. Recommendations and 


conclusicns are listed as well. 


D. GOAL 


The goal of this thesis is to fully incot porate the 
SH-60B platform within the NAVTAG Systen. As such, the 
SH-602 will be able tc perform it's ASW missions, maneuver 
according to its flight characteristics, sensor and detec- 
tion gear will be operational, and information will be data 
linked back to it's host ship ina realistic manner. The 
SH-60B should act in a similar fashion to the other aircraft 


that are represented in NAVTAG. 
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II, MODIFYING NAVTAG 


Bee NAVTAG AS A CLOSED SYSTEM 


The Standard NAVIAG System can be consider2d a closed 
system in that the ships, submarines, and aircraft that are 
currently modeled can not be modified from their standard 
CONLl@uraticns. The parameters which govern platform 
performance are imbedded in the Master Data Disk. These 
parameters are isolated from the user through the operating 
system which does not allow the user to by-pass menus or 
Frompts. The user is thereby restricted to merely picking 
menu selections or tc answering prompts. Any deviation fron 
the implicit domains of either the menus or prompts causes 
the same menu or promrt to be returned to the screen with an 
error message. This was accomplished to prevent the Standard 
NAVTAG System from being modified. This standardization of 
the NAVTAG System allows the Program Manager to maintain 
contrcl over system integrity. The Program Manager is 
thereby assured that when he sends a NAVTAG change out to 


users, all systems will be affected in the same manner. 


Be. FULL-UP NAVTAG SYSTEM 


Presently in NAVIAG there are forty differant aircraft 
definitions that are supported and may be called to operate 
Mien a Scenario. The variety of aircraft that can be 
modeled include jets, bombers and helicopters of both 
U.S.~./Allied and Soviet forces. To add an aircraft definition 
to NAVTAG it was necessary to obtain what is known asa 
Full-Up NAVTAG Systen. This system is very different from 
the Standard Systems that are delivered to fleet units. The 


important distinction between the two is that the operating 
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system of the Full-Up System allows system modifications 
when froper routines are called into operation. The Full-vJp 
NAVTAG System iS held by the Naval Postgraduate School and 
will re used to support this project. 
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III. THE NAVAL TACTICAL GAME TRAINING SYSTEM 


A. NAVTAG 


NAVIAG was primarily designed to augment training in 
tactical areas for Surface Warfare Officers (SWO). NAVTAG 
tactical training has several implicit goals reflected in 


the follcwing areas: 


1. Operating Characteristics of major U.S., Allied, 
and Soviet ships, aircraft, and sensor, counter- 
measures, and weapon systems. 

2. Sensor emplcyment 

3. Threat classification, identification, and target 
PELOEI tization. 

4G. Selection of offensive/defensive systems. 

5. Maneuvering and stationing. 

6. Soft-kill/hard-kill defensive measures. 

7. Firepower discipline. 

8. Reassessment of threat. [Ref. 2: 1-4. ] 


Each of these tactical areas can be addressed in the partic- 
ular scenario that is implemented using the NAVTAG Systen. 

Paes COCrt metus these tactical training goals two okjec- 
tives have been identified and supported by NAVTAG. The 
first okjective is tc help an officer become familiar with 
U.S., Allied, and Soviet ship and aircraft capabilities and 
their particular tactical considerations. In the process of 
meeting this objective, the officer would become better able 
to assess critical situations and make logical decisions to 
resolve them. The second objective is to make this learning 
and reinforcement process of tactical skills an enjoyable 
and mentally challenging game to promote its use. fRef. 23 
1-1] 
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E. COMPCNENTS OF NAYVTAG 


The Standard NAVWIAG System Gonsists of Cree sSeni-= 
portable Wicat 150 WS Microcomputers. The Wicat 
Microcomputers each contain a MC 68000 processoc and havea 
1.5 Mbytes main memory capability. This system is intercon- 
nected with standard video and communication cables. One 
terminal is for the Red side designed to be the Soviet 
Forces, the second terminal represents the Blue _ side 
consisting of U.S. and Allied Forces, and the last terminal 
is for a Game Director who acts as a neutral referee. 
Inherent in the system is a lessons routine that allows the 
novice player to learn the proper NAVTAG commands and cCapa- 
bilities. The NAVTAG lessons routine wilt emulate a typical 
gaming seguence and present the various displays’ and 
commands This provides a user with hands-on practice at 
calling up the displays and inputting desired commands 
necessary to play NAVIAG. f Ref. 3358-9 }- The versatility 
of this system allows one person to play against a computer 
directed side, one team to play against another team, and if 
desired a Game Director to officiate in either case. Also 
included in the standard package are two Mastec Data Disks 
which are classified secret and contain the routines, fprob- 
abilities, and internal platform definitions and capakili- 
ties that are utilized by the NAVTAG Systen. The Master 
Data Disks contain all classified information required by 
the NAVTAG System and therefore are the only components of 
NAVTAG that must be treated as classified material. 


C. PLAYING NAVTAG 


To play NAVTAG only a rudimentary knowleige of the 
system is required. Typing the word "NAVTAG" and setting up 
the initial system parameters, which includes the number of 


sides to be played, a determination as to whether or not a 
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game director will be utilized, and the selection or 
creation of a scenario begins play. One may choose froma 
diverse set of Nine prepared scenarios which for example 
nodel Anti-Sukmarine Warfare, Anti-Aic Warfare, 
Over-The-Horizon Multithreat environments, etc. or set up a 
scenario generated to reflect an upcoming tactical situ- 
ation. Each of the freprogramed scenarios have a designated 
four letter name and may be called into play by typing this 
Mame and a corresponding game turn number in conjunction 
with provided previded prompts. 

Once a particular scenario has been called into the 
NAVTAG System, the war game is installed and ready to play. 
Each side is free to expend as much time as the game 
directcr or the opfosing side allows per turn. A turn 
consists of any number of modifications to a team's partic- 
ular forces. When the desired modifications have been 
completed the player signals that he is ready through a 
keyboard command which effectively locks all modifications 
feowa “turn. His particular tepminal then goes into a wait 
cycle until the opposing player has signaled that he tco has 
completed his turn. Pied lem LoctOr then signals ior 
processing procedures to start by a keyboard entry and his 
terminal processes the turn information input by each side. 
An assessment of conditions that have changed, such as ship 
positions and damage reports, takes place and then appro- 
priate informaticn is disseminated to both the red and blue 
teams. Each turn takes 1 minute of game time. This means 
that an aircraft gcing 120 knots per hour will move 2 
nautical miles per move as long as that speed is sustained. 
The ships and submarines act in a like manner. Also in the 
interests cf accuracy, NAVTAG provides equipm2nt warm-up 
times. For instance, turning on a radar in a particular game 
turn does not guarantee that it will be available in the 


next game turn. Radar Systems have mandatory warm-up times 
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(very similar to the delays experienced in reali life) of a 
Minute or two and will not be functional until tiat time has 
elapsed. Course,turn, and speed changes, fire and search 
radars, and streaming towed sonar eguipment are all handled 
in a similar fashion. Care must be taken when maneuvering 
ships and submarines are in close proximity of each other as 
they may collide and thereby sustain damage. iver dn C 
however have no collision features modeied in NAVTIAG and 


may in fact pass through one another or a ship. 


D. NAVTAG ~- DESIGNED TO BE USER FRIENDLY 


1. NAVTAG i 


Easy to Use 


len 


NAVTAG was designed to be used by personnel with 
little or no programing experience. For this reason NAVTAG 
is operated by the use of menus, Sub-menus, and frompts. 
This feature of NAVTAG is designed to confirm user entered 
commands by allowing the system to recover from mistakes. 
All of NAVTAG's features are reached by the use of these 
menus. For instance, to change the course of a specific 
Ship, a ship is chesen from the Platform Selection Menu 
displayed on the respective team's terminal. A number is 
displayed next to each of a team's platforms and the user 
need cnly type in the number which corresponds to the flat- 
form whose course is to be modified. The Orders/Reports 
Options for Platform Sub-menu then appears on the terminal 
which allows the Movement Orders Sub-menu to be selected. 
From the Movement Orders Sub-menu the course of the desig- 
hated ship can be changed with a numeric input which identi- 
fies the course change option. If a mistake is made on 
input it is a simple matter to alter because no information 
is processed until the player has left all menus and 
Signaled that his turn is finished. NAVTAG is extremely 
straightforward to use and no programming or specialized 


computer knowledge is required or necessary. 
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NAVIAG is also easy to use due to tie detailed 
reference materials, designated "Courseware," that accompany 
the system. Realizing that various ships have a wide variety 
of design characteristics, engineering plants, weapons maga- 
Zine storage space, and armament configurations, the NAVTAG 
package contains apflicable reference materials which list 
this information. 

These reference materials inciude Sip 
Characteristic Cards, NAVTRADEV P5078, which contain sfeci- 
fications for each ship and submarine modeled in NAVTAG. The 
Characteristic Cards are designed to be used as tEriefing 
and/or study materials. These cards contain a listing of a 
Ship's sensor systems, combat systems, and propulsion 
systems on one side and line drawing profiles on the reverse 
side [Ref. 3: 9]. Personnel on a Perry class frigate would 
have ecnly a marginal idea of the capabilities of a Spruance 
class destroyer and even less of an idea of the vital 
Statistics of a Soviet vessel. An officer tasked to act as 
Commander of a Surface Action Group with such ships under 
his control might well study the Ship Characteristic Cards 
prior tc actual game play. This would facilitate the 
realisn that NAVTAG strives to emulate by having 
knowledgeable officers in control of ships. 

Ferhaps the most ilmportant NAVTAG reference manual 
is the User Manual, NAVTRADEV P5076. This manual provides a 
macro view cf NAVTAG. The User Manual provides the user with 
information on hcew to set up NAVTAG, how to play as a Game 
Director, how to play as a Player, how to access the user 
lesscn, how the NAVTAG equipment should be stored, hcew to do 
Ekasic trouble shooting, and how to handle routine mainte- 
Namcea Ret. 23 2-2 | 
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IV. SCENARIO USE WITHIN NAVTAG 


ee SE SE aE i = aS |e ae Se a eee es 


A. THE NAVTAG SCENARIO 


Scenarios are modeled tactical situations waiich may or 
May net reflect current tactical events. For the purposes of 
NAVTAG, a scenario is a situation that has been modeled to 
include selected platforms that have been defined within 
this system. Aircraft, surface, and/or sub-surface rlat- 
forms make up both the Red Scviet andthe Blue US/Allied 
Forces. These forces are prepositioned according to stated 
tactical considerations and desires of the Game Director. 
Each platfcrm has capabilities determined by the fire 
control systems and associated weapons, guns, sonars/ 
sonobuoys, and radars that have been defined as part of its 
respective equipment package. Environmental coniiticns also 
affect particular scenarios depending upon selected parame- 
ters which include water conditions, visibility, time of 


day, and layer depth. 


Be. PRE-BUILT NAVTAG SCENARIOS 


NAYTAG comes ccmplete with Nine weet u Ley developed 
scenarios that are excellent representations of the various 
types of engagements a Surface Warfare Officer (SWO) might 
encounter. These scenarios are described in the Scenario 
Guide for the Game Director (NAVTRADEV P5077-1), the Blue 
Scenario Guide (NAVTRADEV P5077-2), and the Red Scenario 
Guide (NAVTRADEV P5077-3). These scenarios are designed to 
serve aS initial tactical situations to build up expertise 
in NAVTAG and to use as possible models upon which individ- 
uals may build their cwn scenarios. The games range in size 


and complexity from a straightforward one-on-one surface 
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engagement to a full scale, multiplatforn, muitithreat 
operation. 

The Game Director Guide is divided into a Rei anda Blue 
Section and was designed to provide scenario information to 
the Game Director. It 1s divided into 2 sections, section 
one provides scenario information from the Blue Player 
perspective and secticn two from the Red player perspective. 
[Ref. 4: 1] This is okviously the primary reference guide to 
re utilized by the Game Director to gain an understanding of 
the Red and Blue missions. This allows the Game Director to 
evaluate the tactical decisions made by eaca player in lignt 
of their assigned mission. For example, Scenario One ig a 
Simple, yet typical example of the pre-built scenarios. 
Scenario One is defined as a surface versus surface confron- 
tation. Each side is provided a specific Operation Order and 
information related to the General and Tactical Situaticn. 
Though beth sides get the same type of information, they may 
start in different locations, have particular platforms with 
specific weapon and electronic capabilities, ditferent 
intelligence reports, and their own perception of the facts 
relating to the situation. Such balancing between orders, 
faces, and intelligence reports provide the uncertainty 
which lend credence tc a real-world situation. 

The Blue and Red sides have individual sceiario guides 
very similar to their respective segment in the Scenario 
Guide fcr the Game Director just described. The Blue 
Scenario Guide 1S a manual that Supports the Blie player in 
conducting tactical Simulations using one of the whine 
prepared scenarios provided with the systen. [Ref. 5: 1] 
The Red Scenario Guide provides identical scenario inforna- 
tion from the Red perspective. The Blue/Red Scerario Guides 

ractually have the scenario deScriptions broken into four 
sections including the General Situation, the Tactical 


PPEUdatnen, Op Order Extract, and Ship Characteristics. 
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The General Situation provildes back srOuUng em orlarton 
which leads up to the current tactical situation and an 
overview of the general problen. The Tact ica io tt uaevon 
states the specific tactical Situation of the “respective 
Blue/yRed side, specifications of Blue/Red platforms and 
intelligence data relative to the opponent. The Op Order 
Fxtract is a Summary of the contents of the respective Op 
Order. [Ref. 4: 1] Each ship involved in a scenario also 


has its characteristics listed in these manuals. 


C. PRE-EUILT AND ORIGINAL SCENARIO CREATION 


In most cases the pre-built scenarios are i10t going to 
ke adequate to model engagements for which Tactical Officers 
need practice. For example, while preparing to participate 
in a real-world war game, NAVTAG could be used t> model this 
Situation and the apflicable platforms. After the scenario 
was developed, the situation could be played refeatedly 
limited cnly by time constraints imposed by the impending 
exercise. Strategies could be compared, tactics compared as 
to how well they accomplished mission reguirements, and 
experience on NAVTAG would certainly give the particirfants 
valuable practice in advance of real-world events. 

To create an original scenario the System Initialization 
Menu needs to be called into operation and a three step 
process needs to be ccmpleted. First the composition of the 
Red and Blue Forces is determined and if a false target 
(merchant vessel) is desired then it is called into the 
scenario at this time. The second step allows the flatforms 
to be taken one at a time to initialize them to the tactical 
specification. This includes positioning them relative to 
ohne another, assigning courses, speeds, and fuel states and 
also setting the launchers, radars, and other sensors to an 


on or off position. The last step is to modify the 
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environment to once again conform with expected or desired 
conditions. When modifying the environment such factors as 
weather condition, wind direction, layer cGepthn, and conver- 
gence zones are set. 

When building a scenario from menu selections, the only 
provided reference materials are the Characteristic Cards. 
Ship/ySubmarine Characteristic Cards may be used to list the 
Capabilities of the platforms that will be used in the 
particular scenario. The General Situation, TAC tcl 
Situation, and Operation Order will have to be develozed 
according to the intent or the scenario by the Game Director 


and/or Players. 


D. SAVING A SCENARIO 


To save a NAVTAG Scenario the Game Save ind Restore 
feature must be utilized. This feature is available through 
the NAVTAG Executive Menu. This function permits the Game 
Director to save one or more game states and/or crder 
records, restore a saved game state, manage the Game Save 
disk and set-up for the automatic Saving or queuing of game 
states and order records. {Ref. 2:3 5-5] The previous 
mention of order records refers to the saving of the actual 
orders that were input into the NAVTAG System. This feature 
allows the Game Director to later associate the commands 
given during game play to the events that transpired ina 


particular scenario. 


E. RULES GOVERNING FIAY 


Regardless of how the Scenarios are developed, partic- 
ular rules are enforced in NAVTAG to aid in realism. Rules, 
both frokabilistic and deterministic, cover detection and 
effectiveness of visual sightings, radar detections, active 


and passive sonar detections, weapon acguisition, etc. 
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fRef. 2: A-2] The rules in each area are extensive and try 
to reflect various conditions ina realistic nanner. An 
example of one rule is that the maximum range at which 
surface ships and submarines could detect one another at 
night during bad weather is 1 nm. This is merely one small 
example of the extensive rules that cover each type of 
detection between different platforms utilizing various 


senscrs under a wide variety of weather conditions. 
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Ve. THE SH-60B AND SH-2F HELICOPTERS 


Rae sH—GOB AND SH-2F MISSIONS 


The SH-60B has been designed to act as an 2xtensicn of 
the ship's ASW weapon system. In Support of this procedure, 
there are two separate operational modes that the ship and 
helicopter may utilize, Ship Control and Helo Control. 
Contrel in which shifkoard personnel make tactical decisions 
which are implemented by the helicopter aircrew via the Date 
Link is the first mode. The second mode is Helo Control in 
which the helicopter aircrew makes all tactical decisions. 
NAVTAG can not make a distinction between these twc modes. 
The SH-60B is a reactive system which prosecutes sub-surface 
contacts oktained from shipboard sensors or frem other 
Battle Fcrce sensors. With an endurance of overt 4 hours in 
the ASW configuration, this helicopter is capable of several 
hours on station at the second and third convergence zones. 
The onboard processirg and data link eguipment are state of 
ime att = Normal mission altitude will be around 7000 feet 
to maintain the line-of-sight requirement to maintain data 
link ccmmunications. 

The SH-2F helicorter is the predecessor to the SH-60B. 
It 1s also an extension of the host ship's AS# capability 
and has been operating in this capacity for over 20 years. 
Once again this flatfcorm is a reactive vehicle that must be 
given information frem ship sensors. This helicopter does 
have a data link but a limited amount of information can be 
passed back to the ship and this ability is also line-of- 
SiGe. Normal mission altitude is 500 feet in order to 
utilize the MAD to its maximum extent which sorely limits 


the distance over which the data link is effective. This 


Zo 


helicepter has a mission time of 2.5 hours and this time is 
decreased by half an hour for each torpedo that is loaded up 


to its maximum number of two. 


Be. AIRCRAFT OPERATING LIMITATIONS 


The kiggest difference between the SH-2F and the SH-60B 
is in the area of performance. The) SH-608 1S "auch parce 
helicopter that can remain on station longer, carry mcre 
weight, has higher performance engines, etc. tnan the SH-2F. 
The following paragraphs will document these distincticns 


Since tkey will be carried forward into NAVTAG. 
1. Aircraft Performance Characteristics 


The SH-60B has a maximum airspeed of 130 knots and 
carries a maximum of 590 gallons of fuel. This fuel capacity 
gives the SH-60B a maximum range of 450 nautical miles anda 
maximum endurance rate of 4.4 hours. This helicopter has an 
average climb/descend rate of 1000 feet per minute (ona 
standard day) . and can climb to a maximum altitude of 10,000 
feet (pressure altitude). The maximum allowable angle of 
bank is 45 degrees and maximum gross weight is 21,700 pcunds 
of which only 20,800 pounds are used for a standard ASW 
missicn. Although these figures are accurate, assumpticns 
have keen made ona wide variety of variables including 
pressure altitude, cutside air temperature, and helicopter 
weight to allow entrance into SH-60B performance charts. 
(Ref. 6: 4-32] Table 1 provides a listing of the performance 
Characteristics cf both the SH-60B and the SH-2F helicorfters 
for cecmparison purposes. The SH-60B outperforms the SH-2F in 
all aspects with the exception of the climb/descent rate. 
This is due to the SH-60B being nearly nine hundred pounds 
heavier. Probably the most important factor is that the 


SH-60B can fly for about 4.4 hours on one tank of gas as 
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TABLE 1 


SH-60B Performance Characteristics 


| 
| | 
| | 
| Description SH-60B SH-2? | 
| Engine Shaft Horsépower 1437 is50 | 
| Maximum Airspeed 180 150 
Maximum Fuel Weight 4000 2500 | 

| Maximum Range 450 NM 230 “JM | 
| Maximum Endurance 4.4 Hrs. 2-9 Hrs | 
| ClimpyDescent Rate 1000 1200 
Maxinum Altitude nO O00 iat CO) Sona | 
Maximum Bank Angle 45% 45% 
Maximum Gross Weight 21700 lbs. 127000 “bs: | 
nant ee 2 | 
Gamparedsto only 2.3 hours for the SH-2F. This allows the 


SH-60B tc go out as far as one hundred miles and still rros- 
ecute a contact for two hours before it must return to its 
host shif. Ties ostezhegOing SOUL Only 50 “miles can stay on 


eta tron oOniy 1.5 hours. 


2. Aircraft Ordnance 


== 


The SH-60B can carry up to two torpedoes as can the 
Share This figure is deceptive however as the SH-2F must 
take an auxiliary fuel tank off for each torpedo loaded on 
the helicopter decreasing on-station time by 30 minutes. The 
SH-60E carries two torpedoes as part of its ASW mission 
equipment as this load does not decrease its Mission time of 
4.4 hours. The SH-2F rarely carries any torpedoés because 
the fuel carried in the auxiliary tanks is so important to 


maintain time over a possible contact. 


Ze) 


Up to 25 sonobuoys may be carried in the SH-60B's 
sonobuoy launcher at one time as long as the maximum load 
weight dces not to exceed 800 pounds. A realistic load would 
be to carry 7 SSQ-62 DICASS sonobuoye whilenwaee active buoys 
that give bearings and ranges to a target and 18 559-53 
DIFAR sonobuoys which are passive and give bearings alone. 
ft is obvicus’that with “one SS¢scz an accurate £1x. 920 4a 
target can be obtained. With two SSQ-53's one could also 
get a fix by marking where the lines of bearing cross. 
Compare this with the capability of the SH-zF to carry only 
15 sonobuoys. The bucys that may be carried are either the 
SSQ-41 LOFAR passive sonobuoys that report that they do or 
do not have a contact or the SSQ-47 Range Only active sono- 
buoy which gives bearings and if the Doppler signal is 
growing stronger or weaker. Clearly the SH-60B has a strcng 
upper hand here. 

The MK 84 Signal Underwater Sound Devic> (SUS) and 
the MK 25 Marine location Marker can be carried onkoard 
either helicopter. The number carried is dictated by the 
amount needed by the mission not to exceed the gross weight 
limitaticns. Both the MK 25 and the MK 84 have purfoses as 
Signaling and marking devices but are not to be considered 
as missicn essential equipment under any circumstances. 

lastly there is an AN/SASQ 81 MAD bird (Magnetic 
Anomaly Detector) that is carried external to both helicop- 
ters at all times. Utilization of this system gives a 
distinct advantage to the SH-2F which flies low enough to 
utilize the MAD System to pick up submerged contacts. The 
SH-60B's normal operational altitude precludes the use of 
the MAD System as it is carried too high to pick uf the 
changes in magnetic flux that a submarine makes when trav- 
eling through the water. However, this advantage is nore 
than offset by the fact that the SH-2F data link, which is a 


direct line-of-sight device, is severely degraded at low 
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Geeetudes. The SH=-GOE flying at altitudes of 5000 to 8000 
feet can maintain a data link range in excess of one hundred 
Tiles. [Ref. 6: 8-3] Table 2 was developed to quickly 


compare the different ordnance carrying capabilities betwcen 


TABLE 2 
SH-60B Ordnance 


| Description SH=-60 Ske ae 
Torpedoes I Z | 
Mk 84 Weight Limited Weight 4 imited 
Mk 25 Weight Limited Weight Limited 
Sonobuoys ZS 16 
AN/YASC-81 MAD 1 1 


sat edt acai 


, 
| 


the SH-60B and SH-2F Helicopters on a standard ASW missicn. 
The ordnance capacities can in some cases change by trading 
the weight cf one ordnance for another. 


3. Aircraft Avionics Gear 


The important avionics capability for tie SH-60b is 
to link information directly back to the ship. This is 
accomplished with tke Radio Terminal Set, AN/ARQ-44. The 
Radio Terminal Set also called the Data Link System provides 
a highly directional super high frequency link between the 
aircraft and the ship. The Data Link provides for transmis- 
Sion of airkrorne sensor data (Radar, ESM, ACOUSTIC, IFF) to 
the ship and two-way transmission of computer and voice 
data. (Ref. 6: 7-50} At an altitude of 1000 feet this link 
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which has adirect line of Sight restriction will travel 
approximately 23 miles. [Ref. 6: 8-5] By int>reasing its 
altitude, the SH-60B helicopter can remain within the ship's 
line-cf-sight to maintain its data link. The SH-2F sends 
only a limited amount of sonobuoy information back tc the 
Ship if it maintains its line-cf-sight and is not considered 


to be very keneficial. 
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VI. INTEGRATION OF THE SH-60B SEAHAWK 


—_—— ee ee ESE =_ we SSS Samar =a a — we ee ees OS 


A. NAVTAG SOFTWARE LESIGNED USING MODULAR CONCEPT 


In order to include the SH-60B in the Air Platform Table 
it was necessary to first perform an intense study of the 
NAVTAG documentation to determine how this might re mest 
easily acccmplished. The most beneficial manual in this 
early stage of study was the Data Base Maintenance (DBNMD) 
Document. This is the seventeenth volume of the nineteen 
volume Program Description Document set that was prepared by 
the SYSCCN Corporation under contract to the Navy for the 
NAVTAG project. The DBMD's value is in the detailed design 
and descrirtion of the Data Base Maintenance Computer 
Program Component {DEM CPC) that it provides. This dcecument 
was designed to be utilized by the programmer in coding and 
unit testing this Computer Program Component (CPC), and by 
Maintenance personnel in future software support of the 
NAVTAG [Ref. 7: ii]. Contained within the DBMD is a 
complete listing of the modules that pertain to the creation 
and maintenance of the master data base from which data may 


be drawn in the creation of a NAVTAG Scenario. 


1. Modular Independence 





The description given in the DBMD shows that NAVTAG 
is largely based on concepts that are identified as software 
modularity. A module may be defined as being a separate 
addressakle element that combines with other 32lements to 
make uf a software prcgram. A program that is designed with 
modularity as an objective has two very obvious benefits for 
software designers. First it allows many programmers to 


work independently of one another on the same program. They 
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need cnly ccncern themselves with the information that mtst 
be passed back and forth between modules and not the actual 
structure or logic of each individual module. Anctker 
benefit is that when modular independence 1s achieved, an 
error in a particular module may be identified and corrected 
without fear of this creating a problem in other modules 
that make up the system program. In tais phase of study, it 
was determined that the DBM CPC had almost complete modular 
independence. This was determined by studying the cohesion 
and coupling between modules which are considered to be 
effective measures of modular independence. Module indepen- 
dence is measured using 2 qualitative criteria: cohesion 
which is a measure of the relative functional strength of a 
module and coupling which is a measure of the relative 
interdependence among modules and the interface complexity 
ketween these modules. [Ref. 8: 161] 

NAVIAG proved to have strong cohesion between 
modules. This could be seen when the study of modules showed 
that each performed either a single task or severai tasks 
within a software procedure that were strongly related and 
reguired little interaction with other parts of the progran. 
Modules therefore were designed to do essentially one thing. 
This same modular study showed that the modules displayed 
low coupling tendencies. Low coupling is desirable as a 
program's logic is restricted to modular entities and 
thereby easier to follow. Likewise, when a change is made 
in one module there is less chance of that change causing 
Froblems in subseguent modules. The high cohesion and low 
coupling observed in the DBM CPC led to the belief that 
changes in the NAVTAG software could be accomplished mcduile 


by module without drastically overhauling the entire system. 


SZ 


2- Data Base Maintenance Computer Program Component 


Further study revealed that the DBM CPC was designed 
to be an off-line sufrort CPC. This support function meant 
that the DBM CPC was completely independent of the game 
initialization and game play portions of NAVTAG program. The 
TBM CPC is a stand alone CPC, neither invoked by nor 
Pv Okanapanyeothereere, Tunis an interactive CPC available 
through the operating system alone. (Ref. 93 56 Se 
Therefore when accessing the DBM CPC, it is impossible to 
causé€ errors in other CPC's within NAVTAG as the programmer 
is prevented from changing the basic way NAVTAG works at 
this junction. The programmer when he wants to add, delete, 
or change a platform characteristic is gaining access into 
the tables from which the platforms are built. There is no 
reason then to alter the Fortran-77 language software that 
make up the procedures in the NAVTAG System. It was discov- 
ered that here, thrceugh the DBM CPC, the platform tables 
could be modified to include a new air platform class. The 
CBM CPC is designed to be responsible for buildiog and main- 
taining the Cii-iine Gata base used by the Game 
tet tcwizationmeremmto load Platforms into an actual game. 
At this foint it was clear that to add the SH-60B, an appro- 
priate table or tables would need to be created utilizing 
cre DEM CPC. 

Leaving the CBM Document, the Program Performance 
Specification Appendices were consulted to find appropriate 
guidance as to data that needed to be searched for in the 
DEM CEC. Under Appendix A was a complete listing of the 
master data base tables that contains the static data 
pertaining to the characteristics, capabilities, and limita- 
tions of all platfcrms, sensors, launcher, and weapon 
systems which are reguired to simulated by the NAVTAG 
computer pregram [Ref. 10: A-1]. The Airc Platform Data 
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Table (TableA-3) describes the characteristics, capakili- 
ties, and limitatiens O£ an air platform si wero nae 
there shall be cne ccpy of this table for each unique air 
rlatform in the data base [Ref. 10: A-7]. The Air Platforn 
Data Table went on to describe that a maximum of 50 copies 
(air platforms) could be modeled in the NAVTAG System at one 
time. This appendix pointed out two crucial elements. 
First and fcremost was that in order to add the 5H-€0B class 
of aircraft to NAVTIAG, the class must first be defined 
within the data base. Second, only 50 classes could be 
represented in NAVTAG at one time which might necessitate 
the deletion of an clder aircraft class. The Air Platform 
Data Table was also described in a general manner portraying 
the information that needed to go into the creation of a new 
class. The information that was included in this tattle 
consisted of items such as the maximum altitude and 
airspeed, the fuel consumption rate, the sonobusy capacity, 
combat effectiveness factor, and data link type. To define 
the SH-60B class effectively in NAVTAG, these performance 
parameters had to be identified. 


3. Incorporating the SH-60B into NAVTAG 


In the DBM CFC there are over a hundred separate 
modules. Each of these modules have mnemonic names that 
allow the programmer to more easily track through the NAVTAG 
System. In the DBM CPC all of the modules start with "bB" 
and end with two to four additional letters. Some of these 
modules have very simple functions. For instance the DBYN 
module, when called, prompts the user for a "y" or "n" 
response. This value is then stored in a memory variable 
that will te called by a module that requires this user 
response. Other simple modules accomplish such tasks as 
clearing the entire screen, clearing the right half of the 


screen, and finding a null field. These modules will nct be 
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addressed in this discussion as they have no direct bearing 
on incorporating a new class of helicopter into NAVTAG. 
Therefore the exact path of this modification process will 
not bre followed and the concentration of this discussion 
will ke restricted to the major path which leads to inccrfo- 
ration of the SH-60B class. 

fOwpepeecr> Ene wisn Cee a “command file that is part o£ 
the NAVIAG operating system must be activated. This is 
accomplished by typing "DBM" at the prompt prior to entry 
into the NAVTAG System. This accesses the main module "DEM" 
which is represented in Figure 6.1. From this point there 
are three Eranches that may be taken. These paths allow a 
Frogrammer to initialize a table, modify a previcuslv 
defined platform, sensor, or launcher, or to modify the game 
rules that are defined within NAVTAG. The path that starts 
with the "DBSRMN" module deals solely with the game rules 
and need not be discussed -Since it has no relevance to 
stated goals. 

Upon entry into the "DBM" module, the screen pres- 
ents the user with 9 choices, the last being a way te ternmi- 
Mate the update sessicn. If an air platform has already been 
defined, cptions from this menu allow air platforms to be 
called up by either typing the class name or the associated 
number given to it by NAVTAG. The number that NAVTAG uses is 
really a key to a farticular table defined on the Master 
Data Disk. Once a particular air platform data table has 
keen called to the screen, any of its member data elements 
may be altered. This includes not only the heliccpter 
performance parameters themselves but also the sonobuoys, 
platfcrm sensors, and platform launchers with associated 
weapons. This is accomplished by going through the "DBUPUN" 
or update unit module. 

The fourth choice presented by the "DBM* module is 
the "Update air platforms" option. cts “Option 1s 
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Module Structure to Define an Air Platforn. 
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accessed, it allows the user entry into an area that 
controls the tables that are directly related to the air 
clatforms. However, to define a class, we need to access 
"DBINIT," the intialization module. Since the air platrorn 
table has already been identified, through the "DBM" selec- 
tion as the area of interest, "DBINIT"® calls a generic air 
platicrm table into memory. When the user types in a ciass 
Mame within the 20 characters limitation, it is then 
appended to the newly formed table. The data that represents 
this new air platform class then proceeds to the "DBACLS" 
module where this air platform is actualiy added to the 
emuginal listing of air plattiopms. Before a n@w class can 
actually be added into NAVTAG however, various modules 
perform checking functions. The "DBNXNE" module finds the 
first available position in the table for a class addition, 
the "DBCK" and "DBSCEE" modules prepare the screen at aporo- 
priate times for user responses, amd the “DBLOCL™ module 
searches through classes of aircraft that are already in the 
NAVTAG System. Should the user air platform class name be 
the same as one already listed among the Air Platform selec- 
tions then the user is notified of this Situation thereby 
preventing duplicaticn £ names. The new class that was 
actually input into the NAVTAG System was the "SH-60B." At 
Paes PCaitita, 'SH-O00B" asean operable air platform in NAVTAG 
bles lS Screiyelimited an its Capabilities. This is because 
the perfeormance specifications are generic to air flatforms 
and the correct sensors, launchers and sonobuoys need to be 
appended to the SH-60B at a later date through a different 
modular path. 

When SH-60B class has been added, the user may then 
select the Air Platform Update menu option number one, 
"Display/modify by name." By typing in “SH-60B," the user 
may then proceed through the "SH-60B" Class, SOnoLuoy, 
Platfcrm Sensors, and finally Platform Launchers menus. This 


ue 


appends the SH-60B performance parameters, pr> per sensors 
and launchers, and the proper sonobuoy load to the SH-605 
Air Flatform Data Table. The transition from a generic heli- 
copter to a helicopter that very closely appr>ximates the 
actual performance and mission of a fleet SH-60B has been 
made. This transition is accomplished by starting at the 
Update Unit Module which then calls on the “DBDYNO" or 
Display and Modify Unit branch. 

The "DBDYMO" module has a fairly complizated series 
of tasks that reguire 35 subordinate modules. The modules 
that will now be discussed are portrayed in Figure 6.2. BY 
the use of pointers and memory variables that record user 
selections, any launcher, platform sensor(s), and/or weapon/ 
sonobuoy data items may be adjusted to properly model a 
particular class selection. The SH-60B for example would 
never use the SSQ-41 Fassive or the SSQ-47 Active sonobuoys 
that are still in use by the SH-2F. In order td) append the 
proper sonobuoys to the "SH-60B" class, the "DBWSCG" medule 
commonly referred to as the Weapon/Sonobuoy Change module is 
accessed through the "DBDYMO" module. This module allows 
access to any class of weapon or sonobuoy that is supported 
ky the NAVTAG System. Since the SH-60B utilizes the newer 
SSQ-53 and SSQ-62 soncbuoys, both would be attached to the 
SH-60B class definition. "DBWSCG" checks to make sure that 
"SSQ-53 and SSQ-62" sonobuoy classes are valid selections 
before actually attaching them to the "SH-60B" class bv 
checking the sonobuoy table for a listing of the same. The 
user may then allow up to a maximum number of sonobucys that 
a class May carry and the number of each type that rake uf a 
Standard load. The SH-60B for NAVTAG missions will start 
with 18 SSQ-53's and 7 SSQ-62's. The purpose and capatili- 
ties of these sonobuoys will be discussed in Chapter 7. This 
standard sonobuoy load has now become a part of the SH-60B 
definition. Should the SH-60B class now be called into a 


38 


| 
: 
| 
| 
| 


$—-—— -—— + — ——- ~ - - + 
DBUP UN 
$a — + — —- - - - + 
$= -—— = — + —--- —- - + 
i 
DS Dane 
tom ee + = - - 
$——-—---— + ~-- - - --+ 
DBMOUN 
$$ = + 


| 
j 


| | 
| ' 
| ' 
| | 
| 1 i 
\ ) ' 
| O | 
— — + +4 ' 
| MQ | 
! J t + ew mee 
| | ' \ 
| | | / 
| ' ' | bey 
' | ' | ow 
| | | ) | i 
me me ee 1 {) i C5 
{ 9 | 
me ee es + Af mee 
| mM | 
| fA | fz] 
| t bY 
| ' u) 
! ‘ 
| | 
| | 
+ — —— — + 
+ —— — + 
! | 
' | 
\ | 
| | 
1 qQ) | 
{ OU ' 
' 4 : 
———— i ee ee + fy | 
‘ M- ' 
+ ome ome = + ‘ | 
t ' | \ 
' | ' ' 
| I 4 | 
' I ' ' 
| © | | t 
! O i + ——— + 
' Py ' 
—m oe +} ro | \ 
| ea) ' 
' fA ' 
' i 
' ' 
| ' 
' ' 
' | 
+ —— — + 


| 
| 
| 
| 





Mcdule Structure for an Air Platform Class. 


Ee a Ee les EE SS Soe SSS ae We ee ee ee ee ee ee ee 


Figure 6.2 
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scenario, the sonobucy load associated with the SH-60B would 
be 18 S$§S9-53's and 7 SSQ-62's. The Game director could, 
through an initialization routine prior to game play, change 
the number of sonobuoys within each class that are carried 
Eyetne SH-60R at = missions state. However by defining the 
sonobuoys through the "DBWSCG" module the Game Director can 
only choose between the two types of sonobuoys listed for 
the SH-60B and in no case could the sum of the sonokuoys be 
greater than 18 plus 7 or 25. Through the "DBLRCG, DEFLCG, 
and DEPSCG" modules, slavable launchers, platfotcm launchers 
and platform sensors may be changed respectively in a manner 
similar to the procedure for changing sonobuoys. The results 
of each module selection is also appended to the SH-60BE 


Class definae on. 


4. Addition of the AQOR-44 Data Link 


The only proklem that was encountered waen kuilding 
the definition of the SH-60B was that the proper data link, 
the ACR-44, was not one of the sensor options that had been 
modeled in NAVTAG. Here the structure of the DBM CPC that 
addresses this particular problem is portrayed by Figure 
6.3. Figure 6.3 shows the path that was taken to add the 
AQR-44 to the Sensor Data Table. This string was accessed 
through the "DBPSCG" module. The module that actually 
starts this modification is the Platform Sensor/Launcher 
Change mcdule or "DESLCG." The user would then proceed to 
the "DBDCSR" module and make a determination as to whether a 
sensor or alauncher is to be added or deleted. Adding a 
sensor will be accomplished with the aid of tne "DEANSE? 
module. The "DBINSR" module is designed to not only insert a 
new sensor into the Sensor Data Table but also has several 
sub-modules which ensure that duplicate sens>»rs are not 
admitted to the table and removes outdated sensor classes. 
The "CDBLCCL" module works with the "DBDCSR" module to locate 
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a class of senscr. The sensor class, AQR-44, when first 
placed in the Sensor Data Table has general system parate- 
ters. It is up to the user to adjust these parameters to 
match thcse of the real AQR-44 system. NAVTAG has not been 
set up to model the ACR-44 data link which utilizes a Super 
High Frequency (SHF). This was not a serious limitation as 
the majcer feature of a SHF beam is that it provides ar 
extremely directional bean. This could be mimicked with a 
Ultra High Frequency parameter which are also highly direc- 
tional and can be modeled in NAVTAG. 


Be TESTING AND RESULIS 


The easiest way to see if the SH-60B was properly 
modeled was to run it ina scenario that is typical cf its 
ASW mission and see if it performs in a realistic manner. 
Before testing the SH-60B, it was necessary to learn the 
actual characteristics of the NAVTAG System. Sinzte the SH-2F 
is very Similar to the SH-60B and since it was aiready 
modeled in NAVTAG it was the air platform that was ased to 
initially play NAVTAG. 

The SH-2F was used in ASWM Scenario number 2.- This scen- 
ario pits three 0.5. ships apd a SH-2F against a foxtroe 
Class Soviet Submarine. This scenario was ideal as it 
allowed the SH-2F to perform its primary mission of ASW with 
three supporting ships. This was valuable as it revealed how 
the helicopter and associated ships communicated and passed 
tactical information retween one another while prosecuting a 
submarine. Game play with the SH-2F provided essential 
experience with the NAVTAG System and the characteristics 
that it exhibits during game play. The most interesting 
discovery was the ability to initialize the game scerario 
Within NAVTAG. All platform characteristics, platform loca- 


tions, speeds, and directions, environmental conditions, and 
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virtually every detail included in a scenarid cculd be 
adjusted to represent the specific event desired by the Game 
Director and Players before game play started. Valuable 
experience was also gained in the use of laying sonobuoy 
patterns, checking sensor performance at various altitudes, 
and anticipating movements by and trying to track an enemy 
Submarine, all of which portrayed the abilities inherent in 
NAVTAG. 

With this experience and the SH-60B modeled in the 
NAVTAG System, it toc was played in Scenario number 2. It 
performed iran extremely realistic manner in all aspects. 
The perfcrmance parameters enforced 1tS maximum speeds and 
altitudes, sensors and launchers were located in the right 
numbers and locations with the proper number and type of 
weapons. The SH-60B was able to track the enemy submarine 
and lay sonobuoy patterns in the appropriate manner. The 
SH-60B was able to carry out its mission and communicate 
information with its host ship in a very authentic manner. 
The SH-60B had beccme the forty-first class inthe Air 
Flatfecrm Data Table. 


C. PROBLEMS AND DIFFICULTIES 


Criginally the fFull-Up NAVTAG System was delivered 
Without any documentation. The Standard and Full-Up NAVIAG 
Systems look identical without documentation to point cut 
where the differences occur. The documentation is well orga- 
nized and once delivered explained the exact structure and 
detail required to make changes within NAVTAG. However the 
documéntaticn never described how to access the DEM CPC. 
However while searching through NAVTAG's on-line directory, 
a command file named "DBM" was discovered which turned out 
to be the key to the DBM CPC. Maneuvering between modules 
within the DBM CPC presented no problem since every ster was 
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clearly labeled. The on-screen prompts and menis also gave 
the user a domain that had to be observed. Any attempt to 
leave the stated domain caused an error meSsage to acdpear on 
the screen and the user was given another chance for data 
entry. 

When actually modifying the Air and Sensor Data Tables 
the most troublesome froblem was attempting to discover the 
meaning of terms not commonly used within tne helicopter 
community. For instance, fleet helicopter sqguadzons use the 
terns "loiter" and "buster" to mean circling around a 
general area and heading for a specified point at maxinun 
speed respectively. NAVTAG had an additional term "gate" 
speed which is used Ly jet squadrons and had no real meaning 
in the modeling cf the SH-60B. To resolve this discrepancy 
koth gate and buster speeds were defined as fFeiig the heli- 
copter's maximum speed. Problems of this sort were corrected 
ty consulting the air community who could define the unfa- 
Miliar terms and then adjusting the probable values to 
reflect the true nature of the SH-60B. 

Another problem was that although NAVTAG vatiable names 
were listed in their respective data tables along with the 
type (integer or ASCII for example), units, range (domain), 
and a shert description of the variable mnemonics, it did 
not always explain the rationale behind the valies. An apt 
example of this situation is the Combat Effectiveness Factor 
(CEFD) variable which rates an aircraft's effectiveness ina 
Dogfight. The range is given as 0 to 50. No indication is 
given as how to pick the correct value for a n2w air plat- 
form class. Problems of this sort were resolved by lcecking 
up the value given to the SH-2F and then, based on that 
humber, assigning an upgraded or downgraded value to reflect 
the SH-60B capabilities. 

One discrepancy did appear in the Air Platform Data 
Table. The climb/dive rate listed for the SH-2F was listed 
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as 2400 feet per minute. This rate was not identified to be 
€ither the maximum or the average rate of the SH-2F. However 
Since no other climk or dive rate was mentioned within the 
Air Platform Data Takkle, it was assumed to be an average 
rate. Consulting the rerformance charts for the SH-2F it was 
determined that a much more accurate figure would be 1209 
feet per minute and this figure has been incorporated into 
the defirition of the SH-2F. 

Not directly related to the NAVTAG program itself were 
the various utilities that are supported by :he Full-Up 
System. One of particular interest was the copy feature 
which allows the Master Data Disk to be copied prior tec any 
Changes and alilows restoration of the Standard NAVTAG 
features whenever desired. This proved to be extremely frus- 
trating. Although a help feature and examples were provided, 
the copy feature cculd never be made to work properly. 
Commands to accomplish utility functions of this type were 
too leng and impossible to follow. It was later learned 
that one must use a"mnf" and "df" or mount and dismount 
flopry ccmmand respectively to tell the cperating system to 
toot the disk drive. Additional documentation is obviously 


needed in this area. 
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VII. SCENARIO PLAYING WITHIN NAVTA 


A. PURPCSE OF SCENARIO NUMBER 10 


NAVTAG is extremely valuable because of 12S scenario 
creation function. This will be demonstrated by setting up 
an ideal situation in which to examine the newly created 
SH-60B class and compare it to the SH-2F class. This situ- 
ation will te designated as Scenario Number 10. 

NAVTAG comes with nine preprogrammed scenarids. None of 
these are designed to test a helicopter's pericrmance. 
Scenario Number 2 ccmzes closest and for this reason it was 
used for the preliminary check of the SH-60B's integrated 
functicns withir the NAVTAG Systen. Scenario Number 2 
includes three 0.S. Ships working against a Sdviet subma- 
Tine. The SH-60B class of helicopter can be assigned to one 
or each of these shirs. However it was determined thata 
Single ship would better emphasize the capabilities £ the 
SH-60E. Therefore a single ship of the Perry class was 
utilized to provide a platform from which the SH-60B could 
data link, work, and refuel from during extended mission 
operations. The Perry class ship was purposely kept out of 
the ASW rfroblem proper. It did provide support to the heli- 
copter but did not actually become involved in the primary 
ASW search or tracking problen. 

Scenario documentation was briefly d2scribed in 

Chapter 4. Both the Blue and the Red Sides should be 

given a description of the assigned nission before game 

play has commences. In following with NAVIAGs femiac, 
the scenario description should include a General 

Situation Descrirtion, the Tactical Situation, and an 

extract of the Operation Order. Both the Blue and Red 
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Side's descriptions explain the situation from that 
Se cSeeinieclndr POlNSMEOrmylewe This means that even 
though the same world events are occurring, each side 
may have a different interpretation of what is happening 
due to intelligence reports and the frame of reference 
that are brought into the problen. scenario 10 was 
created to mimic the scenario format of NAVIAG. Appendix 
A portrays the situation from the Blue perspective while 
Appendix B portrays the Red perspective. The intentional 
Similarity of the two Appendices that describe Scenario 
Number 10 will allow this situation to be included in 
the Blue and Red Scenario Guides, NAVTRADEV P5077-1 and 
PSO/7-3, for future game play. 


1. Elue Scenaric Number 10 


The situation that is facing the Blie side at 
MisSion start is described in Appendix A. The General 
Situation states that numerous U.S. and Allied vessels have 
recently been sunk ina remote area of the Mediterranean Sea 
close to the Zwentostoian coast. Although no one has yet 
claimed responsibility for these actions, Zwentostoe isa 
very likely candidate according to the Department of 
Tefense. This feeling is caused primarily by the 
Zwentostoian statements of defiance and aggression in 
protecting its claimed territorial limit of 300 miles. The 
Froblem confronting the Blue side is that no proof against 
Zwentostce has yet Eeen presented and a big Battle Group 
could possikle instigate third world nations in that area of 
the Mediterranean Sea into anti-American activities. 

A U.S. frigate, the Oliver Hazard Perry, which is in 
this general vicinity is ordered to investigate this situ- 
ation as stated in tke Tactical Situation description. She 
has one helicopter on board (either the SH-2F or the SH-60B 


for ccmparison and evaluation purposes) that is well versed 


47 


in. “the art .ofeicu. The Perry will be relieving a P-3C 
aircraft that has been on station for 8 hours sme @ne P- 2c Gas 
unable to pick up any contacts until 30 minutes ago when a 
submarine was found but not identified. For tke last half 
hour the submarine has been proceeding on acoirse of 270 
degrees true from the Perry at a range of 60 miles. It also 
appears that this submarine has maintained a depth of 500 
feet and a speed of 10 knots. The P-3C Has also determined 
that this submarine is driven by nuclear propuision. 

The Operation Order given to the Perry's Commanding 
Officer is to stay well outside of submarine torpedo range. 
The Commanding Officer is also ordered to utiiize his heli- 
copter tc locate the submarine and maintain attack criteria 
until a determination can be-made of the nature of this 
submarine. If the sukmarine appears to be hostile or initi- 
ates an attack on any vessel it is to be engaged and sunk. 

The Blue Scenario described above was intentionaliy 
designed to keep the heliccpter's host ship away from the 
battle zone. This allows the helicopter to function without 
direct assistance against a submarine. This facilitates a 
direct ccmparison of the capabilities between the SH-2F and 
the SH-60B in the area of ASW capabilities since the ship 
will be the same for either the SH-2F or the SH-608, and has 
no real impact on the ASW problen. 


2.- Red Scenario Number 10 
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The General Situation from the Red persosective does 
not differ significantly from that described inthe Blue 
Scenario Number 10. However the tacticai situation is very 
different. As Commanding Officer of a Soviet Echo iI class 
submarine that has just sunk 5 vessels in a peacetime envi- 
ronment he must be aware that, once found, any mistakes may 
cause his ship and crew to be fired upon. After the last 


Ship was torpedoed, a radar and ESM search revealed no U-S. 
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vessels yet in the local area. He has then decided to 
remain underwater for 12 hours (three hours still remain) 
rFefore another surface and search is to be conducted. He is 
Feing extremely careful to remain silent to avoid possikie 
detection by U.S. Forces which are expected to arrive at any 
time. 

The mission as explained in the Red Side's Operation 
Order is to sink any American or Allied vessel. This is to 
be accomplished withcut being detected, identified, sunk, or 
captured. 

The Red Scenario was designed to isolate the subma- 
Tine frem other Red Platforms. This was done in the inter- 
ests of having a helicopter engage a submarine in a 


one-on-one confrontation. 


Be THE SH-2F IN SCENARIO NUMBER 10 


Various factors involving helicopter performance and 
Teadiness directly affect game play. In order to make a fair 
compariscn tetween the two helicopters some assumptions will 
ke stated at the onset of play. 

The SH-2F has a listed maximum speed of 150 knots but in 
fleet operations the speed more commonly used is 120 knots. 
This speed enhances helicopter stability and allows the 
various helicopter ASW sensors to remain effective whereas a 
faster speed might cause excess interference in the equip- 
ment. The Tactical Situation requires that the prosecuting 
helicopter be able to engage the hostile submarine. This 
Teguires the helicofter to carry at least one torpedo. 
Recall that the 2 1y2 hour mission time of tie SH-2F is 
reduced by 30 minutes per torpedo that is carried. If the 
submarine in gquesticn is 60 miles away from the base ship 
only one torpedo may te carried and still allow enough time 


to search fcr and localize a submarine. For example, if the 


helicopter is traveling at 120 knots with one torpedo then 
the rcund trip distance is 120 nautical miles. eeies Ccopae 
tutes 50% of the available flight time for the transit 
alone. This serious operational limitation can be overcome 
in one of two ways. First, if the submarine were closer to 
the host ship than the helicopter, transit time would be 
reduced. Secondly, the helicopter could carry no torpedoes 
and allow the ship to fire its torpedos should the submarine 
come within range. In both cases the obvious problem is that 
the host ship is too close to the submarine, which then ray 
be atle to fire at tke ship. Nuclear submarines make more 
noise than diesel sukmarines and may be effectively tracked 
with passive sonobuoys. The SH-2F carries 15 sonobuoys 
divided between active SSQ-47's and the passive SSQ-41's. 
The tradeoff in the scnobuoy load is that the passive sono- 
buoy's information is not as accurate as that of the active 
sonobuoy but the passive buoy puts no detectable noise in 
the water to alert a submarine whereas the active buoy is 
immediately detectable. For these reasons it was decided to 
carry 12 SSQ-41's and 3 SSQ-47's on this mission to locate 
and track the submarine. Should an attack be required, then 
the active buoys could be employed to further pinpoint the 
Ssubmarine's location prior to weapon delivery for a more 
refined attack resolution. Another assumption nade is tkat 
Since the Perry has been ordered into a hostile area, the 
helicopter is to be flaced on a 5 minute alert. This means 
that when the order is given to launch the helicopter, it 
can be launched within a 5 minute time span. 

The environment cf course is made up of many more vari- 
ables than need be discussed here. However the weather has 
been identified as being good, the layer depth is 60 feet, 
and the bottom is composed of a hard surface 3000 feet down. 
These parameters allcw the depth of the sonobuoy hydrophone 
to be set to its deer setting. Lastly the normal operational 
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altitude of this helicopter is 500 feet which illows it to 


use its MAD equipment while prosecuting a contact. 
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The ASW mission of the SH-2F is not to search a 
large area for submarines but rather to refine a solution 
that is passed to it by an air, surface, CE SUuLssumeace 
platform. The order was given to launch as soon as the P-3C 
passed its informaticn to the ship. Since NAVTAG operates in 
minute step intervals, it was calculated that the heliccpter 
needed tc fly out a tearing of 090 for 27 minutes to cover 
the 60 mile distance that was reported to the submarine 
contact. This allows the helicopter to cover the majority of 
the distance, 55 miles, with the submarine proceeding ina 
reciprocal direction to cover the last 5 miles. Rather than 
accomplishing this time change turn by turn, NAVTAG's fast 
play feature was used to automatically advance the game 27 
moves. On the 28th mcve, four passive sonobuoys were laid in 
a diatond-shaped pattern with a fifth buoy in the center. 

Cnce the sonobuoy pattern was laid, the helicopter's 
speed was reduced to its standard ASW prosecuting speed of 
70 knots. This speed is designed to ailow the heliccpter to 
Bonitor the sonobuoy fattern at a speed great enough to stay 
ahead of a submarine yet slow enough to maximize the useful- 
ness of the MAD equipment. The sonobuoys once deployed, 
initially give no information while the hydrophones are 
deploying. This time is usually spent by the heliccpter 
accomplishing MAD sweeps of the area within the sonobuoy 
pattern which shculd surround the submarine. This tactic was 
rewarded when 36 minutes after takeoff the MAD equipment 
picked up a submerged contact. In real life, without any 
other senscr corroborating this contact, it becomes a high 
interest point but is not assumed to be a submarine. A MAD 


contact can be caused by large concentrations of metal ore, 
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sunken ships, and temperature changes within the water. 
However in the NAVTAG environment only submarines can be 
detected by MAD equipment. In an actual EleeUeeituationd 
MK-25 Smoke Marker, which is a pyrotechnic device that 
produces a marker of smoke where it falls into the ccean, 
would have been dropped. This is useful as no geographic 
references are available in the open ocean to mark a desired 
location. Although NAVTAG does not model the Smoke Markers, 
it does give a range and bearing back to the initial MAD 
contact for the following 10 moves. This feature for all 
practical purposes simulates the dropping of a MK-25. The 
helicopter was driven around this marker updated for the 
estimated course and speed of the submarine in the hopes of 
getting additional MALI contacts. 

In turn 42 another MAD contact was gaiiaed and the 
first passive sonobuoy contact was gained. As previcusly 
stated, the passive sonobuoys give no range or bearing 
information. The objective in the use of the SS2-41's is to 
get three or four bucys in contact. A fair approximation can 
then be made of the submarines location and then a MAD 
contact in this location confirms the location. In turn 46 
it appeared that the submarine was almost out )f£ the sono- 
buoy pattern so 3 additional buoys were laid in the subma- 
rines projected path. Very soon it became apparent that with 
the SS¢c-41's alone it would be extremely difficult tc trap 
the submarine. Due to the conditions of the water, scme 
buoys further away reported contact while the nearer Luoys 
hever gained contact. With a buoy that reports only contact 
or no contact, it is extremely important that this infornma- 
tion ke consistent. The submarine was tracked for 45 minutes 
with the SSC-41 buoys but another MAD contact was not forth- 
coming. More buoys would have allowed a fast2r and more 
accurate location but with only 12 passive buoys the 


consumption had to be balanced with time of prosecution. 
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At the end of 45 minutes all 12 buoys had been 
employed. At this time the SSQ-47's were dropped around the 
submarines location. In turn 53 two of the three active 
ruoys reported ranges to the submarine and a corrokorating 
MAD contact was gained. In turn 54 the torpedo was launched 
on the estimated submarines position but NAVTAG reperted it 
Bissed the target in turn 57. The helicopter was then out of 
fuel, sonobuoys, and weapons and was thereby forced to 
return to its host ship for replenishment. 


Zee rerac tonal FrLoOplens With the SH=2F 


The most notable problem with the SH-2F was’ the 
fuelytorredo dilemma. The SH-2F is not able to adequately 
Carry out a mission further than approximately 40 miles fron 
the shir with sufficient fuel to prosecute a submarine 
contact. Even at this iimited range, carrying two torpedoes 
gomeet §leasible. Tre scenario described above clearly ilius- 
trates that two torpedoes should be carried to give the crew 
an additional chance to sink a target but the fuel load 
isn't sufficient to support this need. 

Another important problem was the limitation cf the 
SSQ-41 and SSQ-47 soncbuoys. The SSQ-41's and SSQ-47'S have 
been in fleet use for many years and have outlived their 
Practical utility. Ccmpared to the sonobuoys that are used 
in the fleet for ccntemporary submarine prosecution, they 
are seriously deficiert. The number of sonobuoys that may be 
carried by an SH-2F is also a Serious limitation. Within an 
hour of prosecution time all 15 sonobuoys had been used in 
the scenario described above. This was against a target that 
remained on a fairly straight course at a constant speed. A 
submarine knowing it was being tracked would have maneuvered 
to a much greater extent to rid itself of a odursuer. An 
evaSive sukmarine wcvld have required more sonobuoys to 
prosecute and the helicopter may have used all its sonoktuoys 


before gaining a sufficient fix to launch its torpedo. 
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A consideraticn that also must be inv2stigated is 
how long it would take the SH-2F to replenish its Sup pimes 
upon landing. In the previous scenario the enemy submarine 
knew it was being prosecuted aS soon as the first SS5Q-47 
went into the water. Immediately an attempt would have been 
made by the submarine to elude the pursuer. Once successful, 
the submarine would have employed its own sensors to attempt 
to discover what had attempted to track it. A helicopter in 
the middle of the ocean is a dead giveaway that a ship is in 
the area. Since the submarine's primary mission is to 
destroy U.S. ships, it may very well decide to cenduct a 
Search for the heliccpter's host Ship when the helicopter 
has withdrawn. Once the host ship is found, it is very 
vunerable to attack while the helicopter, its main ASW 
sensor, is on deck refueling. The ship at this point would 
have to rely on its onboard sensors since both the P-3C and 
SH-2F are ne longer froviding this information. The heli- 
copter wculd be on the deck of the Ship a Minimum of 30 
Minutes to refuel and take on sonobuoys and an additional 
torpedo. If the submarine decides to vacate its criginal 
territory, in 30 minutes enough distance could be covered to 
Minimize the chance of a helicopter, with a Localization 
mission, of finding this submarine again. At the very least 
the ship would have to assist in the prosecution expcesing it 
to a possitle torpedo attack which runs counter to its 
Cperational Order. 

The SH-2F has serious limitatponsen Mit) days were 
of ASW. It is still able to prosecute submarines, kut as 
Shown in the NAVTAG scenario, these capabilities are linited 


in scope. 
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C. TEE SH-60B IN SCENARIO NUMBER 10 


The SH-60B also has performance and readiness conditions 
that need tc be addressed prior to game play. The maxinun 
speed of 180 knots is the speed used to get to a contact. 
Since the SH-60B*s normal altitude is 5000-8000 feet 
depending upon how far it is operating away from the ship 
{the higher the altitude the farther the direct line-of- 
sight data link will operate), no sensors are affected by 
how fast the SH-608 flies. This higher altitude dces 
decrease the effectiveness of the MAD equipment to sucha 
negligible level that it will not be deployed on missions 
where the primary consideration is to pass missidn data back 
to the hest ship. Since the same scenario will be used for 
this exercise, the Tactical Situation remains the same. 

The SH-60B is designed to carry two torpedoes for its 
ASW missicn and remain airborne for 4 hours. Th2 SH-60E can 
Carry any type of scnobuoy that 1s maintained in the U.S. 
Navy's inventory. However, its 25 sonobuoy load usually will 
be divided between the S$S0Q-53 and the SSQ-52 type of 
Bomouwevys. Ihe SoC-93 15 a DIFAR buoy. it is a passive sono- 
Buoy and gives a bearing toa contact. The SSQ-62 is an 
active buoy which gives both range and bearing t) a contact. 
Here the same tradeoffs exist as with the SH-2F. As long as 
the passive SSQ-53 buoy is used, no detectable signal is put 
in the water as opposed to the $SQ-63 sonobuoy which makes 
use of an active Signal that can easily be picced up bya 
Submarine that is in the vicinity. When the SH-60B class was 
defined in NAVTAG it was given a sonobuoy load of 18 SSQ-53s 
and 7 SSQ-63s. This is consistent with the gdals of this 
scenario. The enemy submarine 1S to be tracked covertly, 
therefore Ly passive sonobucys, until such time an identifi- 
caticn and/or surrender is demanded. Then the active sono- 


kuoys will be employed for a refined location and a torpedo 
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launch. This load alec is within the paxinum oom pougd a. — 
tation that is imposed on the SH-60B's sonobudy launcher. 
The sanze environmental considerations are in effect for this 
scenario as expressed in the SH-2F example and the SH-60B is 
also placed in a5 minute alert status. The P-sC has just 
passed information that a submarine has been tracked for the 
last 30 minutes and may be the hostile submarine that is of 
interest to the U.S. forces. The course, speed, and depths 


expressed for the submarine in the SH-2F scenario still 


apply. 


The SH-60B's primary mission is to localize, track, 
and attack submarine contacts. As soon as_ the P-3C fassed 
its information to the Perry, it was relayed to the heii- 
copter which was immediately launched. The SH-60B traveling 
at 180 knots traveled 57 nautical miles in 19 minutes which 
allowed the reported submarine contact to travel a pit over 
2 nautical miles. Again the fast play feature of NAVTAG was 
implemented to advance game flay 19 moves and on the 20th 
move the SH-60B began to drov sonobuoys. Wishing te remain 
covert until such time as a firm track on th2 submarine 
could be established, the passive SSQ-53 sonobuoys were 
employed. Rather than trying to enclose the submarine ina 
pen of scnokuoys as the SH-2F did, the SH-60B attempted to 
Maintain contact with three sonobuoys. Three sonobuoys, 
which give bearing information about a single contact, iden- 
tify the position of this contact with sufficient accuracy 
to launch a weapon with a high degree of confidence. 
Initially the SH-60B used three sonobuoys instead of five 
and the information gleaned from these three sonobuoys is 
much more specific than that obtained by the SH-2F. 

Specifically, the SH-60B dropped three SSQ-53 DIFAR 
sonobuoys during game turn 19. This helicopter then reduced 
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its speed from 180 knots to the standard 90 knots used to 
moniter a sonobuoy pattern. Although at this time the heli- 
copter cculd have descended from 6000 to 500 feet to employ 
MAD eguiryment, 1t was determined that the SH-60B assets 
would be better utilized if a 6000 foot altitude was main- 
tained to continue to data link information back to the 
ship. The extremely slow climb/descent rate of 1)00 feet fer 
Minute is an additional consideration that makes leaving a 
standard altitude very unattractive until a weapons launch 
is desired. During game turn 25 two of the SSQ-53s detected 
contacts which roughly corresponded with the information 
that was sent by the F-3C. In Game turn 26, the third sono- 
buoy also received contact via its hydrophone and with the 
three bearing lines a fix was established 26 minutes after 
takeoff. To model the nature of a Submarine more realisti- 
cally, the submarine started to take evasive actions as if 
1t were trying to shake off possible pursuers. The subma- 
rine's maneuvers included speeding up from 10 to 15 knots, 
slowing down to 5 knets, making random turns, and sitting 
motionless. The SH-60B was able to follow all novements of 
the submarine maintaining a fix on itS position at all 
times. When the submarine slowed extremely, the sonokuoys 
were unakle to ccntinue providing bearing information. the 
previcus £1x was accurate however and the submarine sas 
moving away from that position at an insufficient speed to 
escape a torpedo if it had been launched. Tne heliccpter 
toyed with the submarine for over an hour and only used 11 
of its 18 passive buoys while retaining all of its more 
ageurate SS0-62s. From game turns game 26 through 86, at 
least two sonobuoys had contact on the submarine at all 
times. 64% percent of this time, sufficient information was 
available to drop a torpedo on the contact (three soncckuoys 


in contact). 
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At game turn 87 three §S50Q-62s5 were a2 0ppecdwiiwd 
large triangular pattern around the submarine. Since the 
Submarine had been taking evaSive action an attack at this 
time was authorized. One S$SQ-62 in contact with the subna- 
rine would have given sufficient information to determine an 
accurate fix on the submarine's position. Howevec the trian- 
gular pattern made escape in any direction impossible and 
the helicopter could concentrate on accurate weapon 
delivery. The heliccfter had to descend to a lower altitude 
to meet the launch envelope reguirements for tcrpedo 
delivery while the hydropkcnes on the SSQ-62s were 
deploying. The helicepter followed the submarine's frogress 
with the SSQ-53s for seven game turns at which time the 
SSQ-62s picked up the submarine. Game Turn 95 found the 
heliccpter in an optimum release position for weapon launch. 
A MK-46 torpedo was dropped at this time and at Game Turn 97 
the submarine was listed by NAVTAG as havinjy sustained 
severe damage to hull, propulsion plant, and sensors. 

A little over one anda half hours into the AS# 
problem the submarine was effectively sunk. This was accon- 
fFlished with a reserve of 11 sonobuoys, 1 torpedo, and over 
two hours cf on-station time. Clearly the SH-60B is a 
capable aircraft that is designed to search and attack 


submarines in an effective manner. 


2. Cperational Problems with the SH-60B 
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The SH-60B is designed to carry out ASW naisSions and 
does so in an admirable fashion. One problem that was noted 
in Scenario Number 10 is that to launch a torpedo the SH-60B 
must leave its operational altitude. This causes proklems in 
that the host ship which has been following the 1SW prosecu- 
tion will lcese the data link signal. This period of an ASW 
problem is crucial in order to determine whether the subma- 
rine was sunk or not and degrades the effectiveness of the 
host shipr/helicopter submarine prosecution. 
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Deir) S SLRENGTHS OF THEest-OO8 geOMPARED TO THE SHE-2F 


While playing Scenario Number 10 with the Full-Up NAVTAG 
System, several majcr differences were noted between the 
Suaermeand the SH=608- 

The first distinction of the SH-60B is the ability to go 
far ahead of its host ship and feed back information that 
Gane ce sdaintulity employed 12m a tactical situation. For 
instance, 1£ a submarine is reported to be 100 miles ahead 
of a ship, the SH-60E can launch, drop sonobuoys into the 
water, and feed this information back to the ship while the 
ship is steaming to support the helicopter. In this case, 
even if the SH-60B fails to sink a submarine with its two 
torpedoes, the ship could be vectored into position to 
launch torpedoes of its own. The SH-60B, even without torre- 
does, is deadly in that it can relay information to a ship 
Flatfcrm out of the submarine's torpedo range which can then 
use this information to continue an attack against the 
submarine. This ship/SH-60B combination has an obvious 
advantage over a single submarine which can not detect a 
helicecpter overhead or a ship that is out of sensor detec- 
tion and torpedo rance. 

The SH-2F enjoys some of these same capabilities but to 
a limited degree. The SH-2F also works with a host shif but 
Since the SH-2F's operational altitude is 500 feet the data 
link with the ship is often broken. This means that the ASW 
missicn information must be fed to the ship over an UHF 
(Ultra High Frequency) voice channel. Since this. mede of 
communication is not secure (can be detected and received by 
enemy sensors) this information is sorely limited in 
content. The pilots, while prosecuting the submarine solely 
from the SH-2F, are also limited in the amount of time tney 
can transmit verbal information to the ship and maintain 


contact on the submarine. 
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The SH-60B was also found to have a plentifil supply of 
sonobuoys, ordnance, and fuel to carry out an ASW mission 
from start to finish as far as 100 miles. The SH-2F however 
was realized to be sorely lacking in this area. [10 Carry jeune 
a mission outside cof 50 miles of the host ship while 
carrying even one torredo severely handicapped its possibil- 
ities of successfully prosecuting a submarine due to 
Marginal on-station time. Equally as serious‘is the fact 
that 15 sonobuoys anda limited fuel capcity might make it 
necessary for the SH-ZF to land for replenishment before the 
ASW mission is concluded. As previously mentioned, with the 
SH-2F on the deck of its host ship, the submarine could very 
well decide to initiate an attack at this time. 

The SH-~60B aiso takes advantage of the tremeidous amount 
of ASW experience that is found on every ASW shifg. The 
SH-60B, by sending all information back to its host ship, 
allows on board personnel to scrutinize data and advise the 
helicopter of the ASW situaticn. The SH-2F also sends ASW 
information back through its data link to its host ship 
initially. However this information is not transmitted 
during an entire ASW engagement aS previously noted. This 
means that the Heliccpter Aircraft Commander, the Assistant 
Tactical Officer, and the Sensor Operator in the back of the 
heliccpter are trying to stay abreast of the entire ASW 
problem as well as flying the helicopter and informing the 
Ship cf what is happening over the UHF radio. This isa 
tremendous workload for the helicopter personnel and much of 
the valuable help of shipboard personnel is missed due to 
insufficient data being transmitted to their ship for 
processing. 

Through the use cf NAVTAG, it is clear that the SH-60B 
heliccpter is extremely well designed for its primary 
mission cf ASW. Though the SH-2F is still effective, it is 


effective ina truly limited sense. 
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VIII. AN OVERVIEW OF NAVTAG 


A. PROBLEMS WITH MODELING THE SH-60B 


The procedure fcr modeling the SH-60B was straightfor- 
ward. The DBM off-line Computer Program Component was 
accessed by typing "DBM" and then menu selections appeared 
which guided a user through the various channels necessary 
to change the Master Lata Base. 

The major problem in modeling SH-60B helicopter in 
NAVTAG was in the area of platform rate documentation and 
the dccumentation that deals with variables. Although the 
reference manuals are excellent in their descriptions of 
general NAVTAG functions, capabilities, and special 
features, they do not describe the inner workings of NAVTAG. 
Two examples of this deficiency have already been presented 
in this thesis in the form of the Combat Effectiveness 
Factor - Dogfight (CEFD) Variable and,the Climb/Dive Rate. 
The CEFD Variable has a numeric range of 0 to 50 with no 
explanation of where platforms should be classified given 
particular performance characteristics. The Clinb/Dive Rate 
for the SH-60B was egually difficult to model because no 
explanation was given as to how this rate was developed or 
if it iS a Maximum or average rate. 

The CEFD Variable and the Climb/Dive Rate ace two exan- 
ples that represent an entire class of possible nisinterpre- 
tations that can occur in NAVTAG. Nowhere in either the 
Standard or Full-Up NAVTAG System documentation are the 
issues of definition addressed. When trying to modify the 
NAVTAG System, there is no accurate method that may be used 
to guide the creaticn of a fplatform through che maze of 
variables in order to keep NAVTAG consistent in its 
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deflnirte1rens. As more platforms, sensors, ani launchers are 
added to NAVTAG this inaccuracy of these variabies and rates 
will keccme more apfarent in degree of accuracy with which 
NAVTAG is akle to model various equipment that is nodeled in 
the Master Data Pase. 

Problems of a smaller magnitude were also discovered 
when modeling the SH-60B. When trying to imd>lement' the 
SH-60F AQR-44 Data Link, it was noticed that NAVIAG does not 
support Super High Frequencies (SHF). The main difference 
between SHF and UHF is that the SHFs are much more direc- 
tional in nature. Although NAVTAG could not specifically 
model the SHFs, NAVTAG could be "tricked" into acting as if 
a SHF beam had teen sodeled. When setting up a scenario, 
the SH-60B needs to te assigned to a host ship by listing 
the ship as the controlling unit. NAVTAG is designed to 
always have an air platform's sensor information go to the 
contrelling unit and only to that controlling unit. Hence a 
directional data link is modeled. However this procedure 
caused NAVTAG to disseminate information, throigh its Link 
11, to all ships in a battle force. This initially presented 
a prceblem since information passed from the heliccpter to 
4ts controlling shir was then being passed to the entire 
battle force, which is not the way a SHF beam works in real 
life. Te circumvent this deficiency, both the controlling 
Ship and the SH~60B's data link were put in the "receive 
only mcde." Since the Ship was restricted to receiving data, 
it picked up the helicopter's anftormation. butwedideaanon 
transmit it out to cther ships through its Link 11. The 
SH-60B, also in the "receive only mode," was able to receive 
Ship's information but did not have to transmit to the ship 
Since the controlling ship always gets this information. 
Hence a SHF “imitation" was installed into the NAVTAG 


systen. 


62 


Be. GENERAL PROBLEMS IN NAVTAG 


Frobably the most notable discrepancy withia NAVTAG was 
that wher atorpedo was added to the SH~-2F for scenario 
play, it did not cause a corresponding 30 minute decrease in 
the arount cf fuel that could be carried by this platforn. 
This is an cbvious error that fails to capture a major linmi- 
tation of the SH-2F. The reason that this factor was cver- 
looked is probably tecause this is a problem unigue to the 
SH-2F and not air platforms in general. It would seem likelv 
that other air and surface platforms that have unigue 
reguirements as compared to general platform design charac- 
teristics might also have been missed. 

As stated in the body of this work, the data link that 
is the communications eguipment that ties the ship to the 
heliccpter is line-of-sight due to the super and ultra high 
frequencies that are used. In scenario play, both the SH-60B 
and the SH-2F were able to maintain their respective data 
Jinks at an altitude of 500 feet out to a range of 170 to 
210 miles. This is an obvious mathematical flaw in the 
caiculated ranye over which a data link can be maintained 
retween ship and helicopter. 

Another point of confusion is the softwar2 mechanisn 
that allows weapons to be fired. Once the ordnance and 
launcher to be fired have been identified, a menu frompt 
appears that asks "F to FIRE?" This seemed to say that 15 
the missile 9r gun launcher has been given a range and 
kearing cn which to fire, then an "F" should be typed. What 
isn't expressed is that if any other weapon is to be fired 
in that particular game turn, then the "F" should net be 
typed until all weapcns orders have been set. The documenta- 
tion does state that once any launcher has been told to fire 
that this command locks out any further fire commands during 
the present game turn. However this is not obvious during 


game flay. 
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There are six different sonobuoy versions that are 
modeled in the NAVTAG System. All of them appear to ke prep- 
erly defined regarding the type of information that they 
should fass and the probabilities of detection that are 
identified in the prcebabilistic and deterministic areas of 
NAVTAG'sS Master Data Fase. However the time it tock for the 
sonobuoys to start relaying reliable information to the 
heliccpter seemed extremely long. This real time delay is 
caused by the time it takes for the hydrophone to deploy to 
its preset length. Once the sonobuoy hits the water, no 
information is passed until the hydrophone has Fully stabi- 
lized at depth. The time that NAVTAG allocates for this 
process seems tc be inordinately long when compared to 
experiences of sonobuoy use in the fleet. The coutine that 
determines this time may be in error. 

A problem discovered while trying to model the SH-60B 
most likely occurs in most flatform types mod2led in the 
NAVTAG System and deals with the definition of variables as 
integer types. The loiter fuel consumption (LFUELR) and 
kuster fuel consumpticn (BFUELR) rates were determined to be 
1.2 and 1.7 pounds / minute / 10 respectively. Since the 
IFUELR and BFUELR variables were identified as 1lateger tyres 
however, trying to represent the values 1.2 and 1.7 resulted 
in an error nessage. To circumvent this inaccuracy, the 
LFUELR was rounded dcwn to 1 and the BFUELR was rounded up 
to.2. NAVTAG represents variables in only two ways, either 
aS an integer or an ASCII string with a defined maxinun 
length. 

The last two problems that were discoverei in NAVTAG 
deal with the aircraft platforms specifically. The first is 
that an aircraft may fly with zero airspeed. This of course 
is realistic when dealing with helicopters, but propelier 
and jet driven aircraft also stay aloft in the NAVTAG Systen 


with no airspeed which is a physical inpossibility. The 
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second froblem deals with NAVTAG not recording aircraft 
mid-air collisons. Too many aircraft prosecuting the sane 
BouecOUucCdce COouVGsrecsult in gas collison and this fact should 
be modeled into the NAVTAG Systen. 


C. RECOMMENDATIONS FCR NAVTAG 


The recommendations for the NAVTAG System are broken 
into two different categories. The first category; deals with 
studies of how NAVTAG mathematically models certain physical 
phenomena and the second deals with changes in the actual 
coding of NAVTAG. 

NAVTAG seems to have represented both the time it takes 
to deploy the hydrofphones on sonobuoys and the range at 
which the data link remains operative in an inaccurate 
Manner. The deployment of hydrophones takes approximately 
three minutes in actuality while NAVTAG represents this fact 
with a time duration of 7 minutes. The data Lip wolech is 
a line-of-sight device, remained operational to distances of 
170 to 210 miles at altitudes down to 500 feet. in vecw 
Situations, NAVTAG is presenting the user with information 
or delays that are not indicative of what really harfpens 
when these devices are utilized. The formulas that are used 
to calculate both the deployment of a sonobuoy's hydrorhone 
and the range at which the data link continues to operate, 
need to be investigated and corrected to properly enulate 
realistic capabilities. 

The second series of recommendations require coding 
changes within the NAVTAG System's Fortran-77 coding. First 
the freguency range that NAVTAG can model needs to be 
expanded to include SHFs. Since these frequencies are now 
rkeing used and allow secure communications to exist between 
two platforms, it will be placed on more of the newer naval 


vessels that are being build. The method of putting both the 
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ship and helicopter worked only because the siip did not 
reguire its Link 11 to pass information to other ships. If 
more than one ship had been used in Scenario Number 10, then 
the SEF data link could not have been modeled. 

Presently NAVTAG allows only submarines to trigger the 
MAD equipment. This presents a false picture to the user as 
the MAD equipment will detect any aberration in the earth's 
magnetic field. Here the coding could generate 1 percent of 
total MAD detections as being false. This aids NAVTAG's 
tactical training objective by allowing users to decide, 
based on tactical information, whether or not the detected 
MADsS result from a sukmarine's presence. 

Each modeled platform in NAVTAG should b2 carefully 
reviewed for possible unique characteristics that are 
particular to one class (aircraft, surface, sensor, etc.) 
and no others. Unique characteristics are harder to model in 
NAVTAG due to their large numbers. However this situation 
could te modeled by using a module specifically dedicated to 
adding unigue characteristics when a class is constructed. 
Since this step may ke cost and time prohibitive, perhaps a 
guick way to deal with this situation is to provide “an 
appendix to the user manual. In this appendix each unigue 
characteristic could ke documented so the user would realize 
the artificialities that are introduced into game play. 

The way weapons are fired should also be changed in 
NAVTAG. Rather than having one fire command launch and 
firing all weapons during one game turn, the coding should 
ke changed so that each launcher and gun is fired by indi- 
vidual fire commands. This would alleviate tne problem of 
users pushing the fire command during a game turn and 
locking out changes in these fire orders before the turn is 
actually finished. 

NAVTAG should be able to model aircraft collisions. When 


an aircraft has the same location and altitude as another, 
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then a ncetification should be presented to the user that a 
mid-air collison has taken place. Rather than stopping game 
Play at this point, the Game Director would have the ortion 
to ccntinue game flay or terminate the air platforms 
involved in the collison. 

The next reccmmendation deals with the way taat platforn 
variables are represented. Figures and rates that are 
modeled in NAVTAG shculd have the ability to exist as real 
numbers depending upon how much variance exists in the 
possikle range of these numbers. Variables like fuel rates 
are extremely important in tactical mission planning and 
Should be accurately represented as real numbers in NAVTAG. 

The last recommendation deals with the maintenance of 
aircraft in NAVTAG. NAVTAG seems to deal with maintenance 
indirectly by requiring all helicopters to renain on the 
deck for a minimum of 30 minutes. This method of enforced 
Maintenance should be changed. Although this is the time 
reguired to refuel and accomplish routine maintenance for 
the SH-2F, it does not address the fact that the SH-2F must 
remain on the ship's deck after 10 hours of flight time for 
maintenance of a longer duration. The SH-60B is penalized 
tecause it must remain on the host ship for 30 minutes even 
though it is able to maintain flight operations arcund the 
clock. The NAVTAG Pregram Code should be modified to account 
for the time that must be spent on an air platform's mainte- 
Mance. This could be accomplished by adding a variable that 
would be adjusted for each particular class. This variable 
should re broken in two parts. The first part would deal 
with the time it takes an aircraft to refuel and tlcad 
ordnance and the seccnd would take into account the time 
that must be spent on ground maintenance to keep ' the 


aireraLrt figving . 
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De OBJECTIVE RESULTS 
1. Ehase 1 


The Standard NAVTAG System is beneficial for its 
intended purpose of training Surface Warfare Officers in 
tactical matters. However NAVTAG should not be restricted to 
use within the surface community. Since the U.S. Navy inte- 
grates the surface, air, and subsurface platforms, to 
combine capabilities in order to successfully carry out 
mission objectives, NAVTAG should be used by fleet units for 
integrated training. This is feasible in shore training 
facilities where tactical training is not restricted to 
segregated communities and on ships that have air detach- 
ments assigned. 

Cn air capable ships, this can be accomplished by 
allowing the Red or Blue sides to be made up of particifants 
representing the air and surface concerns. Not only wouid 
valuable tactical training be accomplished in a relatively 
inexrensive environment but cross training, providing a nore 
accurate perception of different platforms, would be 
attained by all participants. 


2. Phase 2 


The SH-60B, as well as other air platforns, surface 
Flatforms, subsurface platforms, sensors, launchers, and 
weapons may all be mcdeled in NAVTAG with relative ease. A 
Froblem exists in the control and accuracy of the data that 
is inserted. This feint was observed with the inclusicn of 
the SH-60B in the Air Platform Database. Since no documenta- 
tion exists to detail variable definitions, some of the 
humbers used to model platform parameters may be inaccurate. 
If the Program Managers meticulously documents variable 
definitions and changes made to the NAVTAG System, then the 


various flatform variables changed in the future would be 
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done in a consistent manner. The Full-Up NAVTAS System and 
its use should be restricted to the NAVTAG Program Manager 
and to those interested in research that examines NAVTAG'sS 
strengths, limitaticns, and possible enhancements. The 
Full-Up System could, in general use, cause indiscriminate 
modification of NAVTAG. This would lead to serious controi 
Froblems for the NAVIAG Program Manager causing different 
versions of NAVTAG to exist with no standard "NAVTAG." 


3. Fhase 3 


The nine prcgrammed scenarios that cone with the 
NAVTAG System are valuable learning tools. These scenarios 
show the wide range of modeling parameters that may be 
adjusted to display virtually any situation. It is important 
that the system users realize that the true value of NAVTAG 
resides in its flexibility to model specific scenarios that 
may be encountered in fleet operations. For this reason, it 
1s strongly recommended that the users of the NAVTAG Systems 
create their own scenarios. Platform capabilities and 
tactics will be learned as well as the specifics that may 
occur in war games and scheduled exercises. Scenarios are 
capable c£ being modeled for any imaginable situation as 
long as the platform classes are available in the data [ase. 
Scenarios are not limited Ey the number of platforms that 
May participate at one time. 

Users must be aware that as the number of flatforms 
increase in a scenario, the response time increases ina 
corresponding manner. When the Blue and Red sides each had 
a battlegroup composed of 10 platforms, the response time 
for each turn changed from approximately 15 seconds (for two 
platforms per side) to an average of 9 and a half minutes. 
Although this extended time can be somewhat annoying, when 
ten ships are being controlled this time is needed to 


prepare for ship maneuvering and strategy development. 
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AS anew scenario is created, the dodcumentation 
should be saved ina binder for future reference. This 


creates a NAVTAG Scenario library to augment future game 


play. 


Ee. CCNCLUSION 


NAVTAG was designed to help teach tactics to Surface 
Warfare Cfficers. It has been shown that NAVTAG can also be 
used to teach tactics to pilots which includes azeas such as 
the proper deployment of a helicopter and the conseguences 
that result from decisions when acting against a particular 
class cf submarine. Another very important facet of NAVTAG 
is that it helps facilitate tactical coordination between 
Filots and surface officers. This can be a tremeidous advan- 
tage in the early stages of integration when an air detach- 


ment is first defloyed on a new Ship. 
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BLUE SCENARIO NO. 10 (ASW) 


General Situation 


Recently, there have been numerous military and commer- 
Cial USAyAllied ships torpedoed in the Mediterranean Sea. No 
one has claimed resfonsibility for these hostile actions 
though much unrest among the third world nations in this 
area has been noted. Rumors around the United States 
Department of Defense feels that the small ccuntry of 
Zwentostoe is a frobatle candidate. 

Zwentostoe is a stall coastal country that 1as recently 
been very vocal in its opposition to the U.S. Gecvernment 
Policies which they state are "imperialistic and designed to 
Maintain the capitalistic governments in power at the 
expense of the smaller nations." More than once Zwentcstoe 
has claimed that its territorial waters extend to 300 miles 
and) that iteisewitllingsto protect this right with any neces- 
Sary force. 

The U.S Government is not willing to send a Large Battle 
Group into this area as this could incite militant third 
world nations that surround Zwentostoe into other acts of 


aggression against tke U.S. 


Tactical Situation 


Shortly after arriving in the Mediterraneai1 Sea, the 
Commanding Officer of the O.H. Perry was ordered to rendez- 
vous with aP-3C aircraft that has been on-station for 8 
hours and must depart due to low fuel indications. 
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The F-3C has located an unidentified submarine about 30 
Minutes ago whose present Location is 270 degrees true fron 
the Perry at a range of 60 miles. The sudmarine has not 
surfaced since it was detected and the speed has been a 
steady 10 knots. The P-3C was also able to determine that 
the submarine has a nuclear propulsion systen. 

It appears that no other ships are in the area either 
surface or submerged. : 


OP Order (Extract) 


THE C.Hw PERRY IS DIRECTED TO GTIUSAe hiked —2r See 
HELICCPTER TO LOCATE THE THE™ENEMY SUBMARINE Slt AT 4S ees 
ATTACKING U.S. VESo, 215s) THE PERRY IS NOT TO CLOSieW TFin 
SUBMARINE TORPEDO RANGE. ONGCE WEE ENEMY SUBMARINE WAS BEEN 
LOCALIZED AND IDENTIFIED AS BEING HOSTILE, ATTACK CRITSRIA 
IS TO FE MAINTAINED WHILE A DETERMINATION CAN BE MADE AS TO 
IHE INTENT OF THE SUEMARINES THUESSUGIARSNS is) TOM ce a) 
WARNING THAT LT i5 TO IMMEDIATELY SSURPAGCE, 10 BE IDEMS Pea 
IF THE SUBMARINE TAKES ANY ACTIONS IMAT CAN BE CONS@RUTDe 
HOSTILE OR SHOULD IT TRY TO DAKE EWASHVE NETION IT Wer iCee: 
ENGAGED IMMEDIATELY. 
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APPENDIX B 
RED SCENARIO NO. 10 (ASR) 


General Information 


The country of Zwentostoe and the surrouniing nations 
have been very critical of the U.S. on several isportant 
issues. For several months these disagreements have erupted 
into serious arguements with the Zwentostoian ambassadcr to 
the U.N. threatening to take severe action if its rights 
were igncrred. 

Just after the Zwentostoian Ambassador threatened to 
take action against the U.S. a Submarine appeared in the 
general vicinity of Zwentostoe and started sinking vessels 
friendly to the U.S. World opinion has assumed by that this 
unknewn sukmarine is Zwentostoian and is retaliating against 
eae. -UsaSe which refuses to acknowledge a 300 mile 
Zwentostcian territecrial 12 Die Several nations that 
surround Zwentostoe have lent vocal support to these acts of 
aggression against tke "imperialist persecution" of the U.S. 


The Zwentostoilan President has refused to comment. 


Tactical Situation 


You are the Commanding Cfficer of a nuclear Scviet 
Submarine of the Echo II class. Present course 091 degrees 
true, speed is 10 kncets, and depth is 500 feet. You have 
sunk 5 ships in the last two weeks and have given the 
allowed the crew to stand down from "red alert" as no addi- 
tional ships were detected to te in the immediate area. No 
sensors are on at this time in the attempt to remain unde- 


tected while the crew is getting some much deserved rest. In 


v2 


three hours you flan cn raising ESM gear and possible coming 
up to periscope and radar depth to sanitize the area. No 
intelligence has been received for two weeks in conjunction 
with the desire to maintain radio silence but Blue forces 


are expected to arrive any day Now. 


OP Order 


INTERCEPT AND DESTROY ANY BLUE TARGET OF OFPPOMmUNGe. 
YOU AKE DIRECTED NCT T0 BREAK HavtO” SILPENCE AND “ONDE a iG 
CIRCUMSTANCES ARE YOU TO ENGAGE SUPER PCr Once YOU MUST 
NOT BE IDENTIFIED AS A SOVIET COMBATANT Ch oreenr i. Ul. 
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